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‘USE OF MECHANICS’ HAND TOOLS. 


igteoductory. Drill holes for taps. 


» #Hiling.- sha i “Dies? 
Position of workman. »/The*hacksaw. 
‘Chiseling, Boldentng. 
«Drilling, *~ oP Taixes, ° 
| Starting a drill hole. ‘. Bearing ‘scraping.- ee 
‘Threading. ee Fitting connecting-rod beatles: 
INTRODUCTORY. 


Tt 1 is the purpose to bring out a few of the uses and abuses of some 

‘of the common shop tools. The matter contained herein does not 
cover all of the eround, but enough to show the mechanic that there 
is something to fis acme. which requires study and skill. 


SEUENG: 


des BEY 


a Tee area great, many. types. of ‘files manudecsiiad: diforing | in 

cross. section, length, and ube. of teeth. The ones for hich we ell 

have . the: greatest noe wet etre: 

use are those whose ' RN ww 

. ¢ross sections are pe . 
pictured.in figure 1. A B C 

toatl WoO types of tate 

_. teeth are employed, » MX 

Single. and double. & ‘S 

Each type has sev- 

eral grades of fine- D 

hess of cut, those 

. most often feed being smooth, cocond cut, and. bastard: The coarse- 

ness of the teeth a1s04 increases WER ite length of the file. 


‘Fre, 1.—Cross Ne of files. 


P POSITION OF WORKMAN. 


The position which ihe workman. should assume 1S as s follows: (a) 

“Ball of left foot in line with and about 10 inches to the left of his 

work. (6) Heel of right foot in line with and at right angles to left 

heel; the distance botrecn heels being from 16 to 20 inches. depending 
5 
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upon the height of the workman. This is more clearly shown in fig- 
ure 2. This position will bring the right forearm opposite the work. 
(c) Stand so that the right arm from shoulder to elbow is perpen- 
dicular to the floor, and right forearm horizontal, thumb up. The 
center of the file will now rest on the center of the work, and half 
of the arm movement youl be forward and halt backauard of this 
starting position. — 

This position will allow greatest freedom of motion and require 
minimum physical effort. It will permit of a forward and backward 
stroke of the file, in a true horizontal plane, with the minimum wrist 
motion to compensate for the upward swing of the elbow when it is. 
moved from the position of rest. _ 

There are several good reasons for this portiign: Take, for ex- 
ample, that of the hand; with the thumb up, the muscles are work- 
ing naturally without erent: If the file is held in any position 
other than the normal, natural one, the tendency of the muscles will 
be to return to their former condition with consequent partial loss of 
control. 

- No more pressure must be exerted than necessary to have the 
teeth cut, or the file will be bent down at the ends and up in the 

. center, causing the surface of the work to be crowned—as shown in 

an exaggerated form in figure 3. 

Some files are made with a belly to overcome the tendency to crown. 

In any case the careful mechanic will choose the bellied face of his. 

file by sighting before applying the tool to the work in hand. 

The file will cut only when moved in a forward direction due to the 
“shape. of the teeth, and it is necessary to relieve the pressure on the 
ee return stroke Rion noticeably lifting the tool from the work. 

' The nature of the work will determine the types of file to be used. 
- For soft metal, such as aluminum, brass, and copper, the coarser files. 

- may be used. These same files used on cast iron, tool steel, or other 

hard metals will probably wear considerably, the teeth, being exces- 

sively long and consequently structurally weak, will break off. It 
‘is not good practice to use new files for this Glace of work, but to: 
choose, preferably, those of finer cut, or old ones which have been 
used for a time on the softer materiale 7 

‘There are certain “tricks of the trade” that. apply to filing as to: 
- other forms of mechanics. It is not unusual that. the object ‘that; 1S: 
being filed finally must be polished. File marks are difficult to polish 
- out, and the final filing prior to polishing must be free of any extra 
deep scratches or cuts. The softer the metal is, the harder it is to file 
it, without scratching or cutting deeply. This is particularly true of 
aluminum and brass because these two metals have a habit of filling 
up the milled surface of the file and scratching the work. Workmen 





FIG. 2.—POSITION OF WORKMAN. 








FIG. 3.—WRONG POSITION OF HOLDING FILE. 
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often use common chalk or calcite to rub into the mill of the file be- 
fore “ finish” filing work of the above-described character. 


CHISELING. 


The chisel is the simplest type of metal cutting tool. Unlike the 
file, its attack is so severe that it can not be operated by the hands 
alone, but must be impelled by the stroke of a hammer. Great care 
must be given to the 3 


guiding of the cut- | 
ting edge of this 
tool, both as to its ee 


squareness and angle A 
of the facets. The 
_ hardness of the metal 
_ to be cut will deter- 

mine theangleofthe | 


facets, the harder 
metals requiring an- 
gles of from 40° to 
to 70° (A, fig. 4), 
and from 25° to 380° 
for lead, brass, 
aluminum, etc. (CO, 
fio. 4). 

The facets should 
be ground in a 
straight plane and 
not rounded as in 
B, figure 4. If the facets are not ground to an edge uniform to 
the angle of the flats, difficulty will be encountered in guiding the 
chisel accurately. A, figure 5, is the proper method, the usual mis- 

take being shown as at B, figure 5. | 7 | 





In grinding a tool like a chisel, 


os ar x the grinding process is usually per- 
| formed upon a high speed emery 

oj eee 
—————— ea wheel, which cuts faster than many 


Set beginners realize. The friction of 


erinding heats the cutting edge of 


A B the tool and, if exceeding care is — 


Fig. 5.—Chiseling, not taken, the temper drawn from 
the cutting edge, possibly not enough to be discernible until an at- 
tempt is made to cut some hard metal. In grinding for the correct 
angle, the chisel should be so placed against the stone that it is tan- 
gent thereto with the cutting edge meeting the stone first. 

If the edge is curved very slightly, as shown in figure 6, the 
_ tendency to dig in at the corners will be reduced and the surface of 
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_ the work. more easily kept smooth. .The shape of chisels will vary to 
accommodate them to different conditions, the types commonly..used 
being the “flat” chisel A, figure 6, for open work, and the “cape” 
chisel C, figure 6, used for cutting grooves and keyways. 

In use the chisel should be grasped near the head, knuckles of 
Hee uD with only sufficient hold wherewith to guide the tool.’ In 
: less accessible places 

it may be-necessary 
to grasp the’ chisel 
witha modified hold. 
The proper striking 
of a chisel depends 
upon the weight’ of 
the hammer used, or 
it might be more 
nicely stated by say- 
. ing’ that there is a 
| relation-between the 
| hammer weight, 
| chisel size, and the 
hardness of the 
.metal. Thetool 
should be guided by 
sighting the cutting 
edge .and not, as:is 
_, usually, done by. be- 
\. .ginners,, by watching 
Ss) the head. . A. piece; of 
waste, Or a rag 
panied with, Gal 
| should be kept plese 
| by into which the 
edge of the chisel 
should be thrust oc- 
_casionally.: This will 
.serve both to :lubri- 
cate and cool it.’ The 
head should be 
ground down to a diameter slightly less than the body.of the chisel, as 
it is flattened .and spread out by continuous use. Occasionally the 
head should, be re-dressed so,as to prevent the breaking off-of. small 
pieces of the head, which might cause damage to tho. workman’s 
- knuckles or eyes. 





.. Fig. 6.—Types of chisels. 


_ DRILLING. 


‘Drilling is the process by which holes are made by the use::of a 
rotating tool. The term “drill” is also the name of the tool used. 
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A drill may be likened to two revolving chisels. The simplest type 
of drill is that pictured in figure 7. The lips A and B might be 
compared to chisels. 

The type most generally used and the one we will consider in this 
work is the twist drill, one form of which is pictured in figure 8. 
This type will work more accu- 
rately as the position beyond the 
entering edges serves to guide the 
tool in its proper position, at the 
same time the flutes serve to carry ~ nig ee 
the cuttings away. 

If the hole is carried entirely through the work, the moment the 
cutting lips are through, the flutes exert a screw pull. This is apt 
to break drills of the twist type. In such work as will be encoun- 
tered with sheet metal, where it is necessary for the hole to extend 
clear through the piece, the straight fluted drill is used, as shown 
in figure 9. 

In drilling large holes by hand it is found easier to take the 
“stepping” process; that is, first drill a small hole, then a larger 

. hole, and so on. 
For instance, sup- 
pose it is desired to 
drill a half-inch 
hole. It is best first 
to drill a one-eighth-inch or three-sixteenths-inch hole, depending 
upon the hardness of the metal. Next select a five-sixteenths-inch 
drill, and finally the half-inch drill. In making this stepping process, 
in the selection of drills care must be taken not to pick two sizes 
differing slightly in diameter, as a one-fourth drill and a five- 
sixteenths drill, for, | 
on account of the 
self-feeding tend- 
ency of drills, the 
larger size may 
tend to “corkscrew” in faster than it is convenient to cut the 
larger hole. 

When drilling hard metals, drills should be lubricated to prevent 
drawing the temper due to excessive heating by cutting and friction. 












Fig. 8.—The twist drill. 





Fig. 9.—The straight fluted drill. 


STARTING A DRILL HOLE. 


To start a hole which is to be accurate, a mark is made with a cen- 
ter punch at what will be the center of the hole and the drill started 
from this point. Here is where the skill of the mechanic comes in. 
The drill must be accurately guided in the plane in which the hole is 
intended to be run. | 

173791—20—_2 
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Figure 10 shows in an extreme form what will be the result of a 
drill on which the point is not ground centrally. Figure 11 shows, 
though exaggerated, what will happen if the head of the drill is 
allowed to take a rotation around the true axis of the hole to be 


7 WY drilled. In either 
\s CENTER OF CUTTING LIP case the remedy 1s 
TRUE CENTER OF DRILL plain. 

SAID Sat = ee, Se eee In practice, a 

eS drill, ground for 

os use on steel, when 

used to cut brass or 

other soft metal, 

will tend to feed 

itself too rapidly, with the effect of jamming, through taking too 

great a bite. To offset this, when grinding, lessen the aii of attack 

of the cutting lips. The angle of the point should remain constant 
at about 30 senate ae 


Fig. 10.—Starting a drill hole. 


THREADING. 


Everyone is familiar with the use of screw threads in machine 
work. These will vary in shape and number to the inch, but have 
been standardized to several common types. Those most used in 
this country are the U.S. standard and the 8, A. E. (so named after 
Society of Automotive Engineers). The 8S. A. E. standard was for- 
merly called the ae 
A. L. A. M. stand- 
ard. Threads may 
be either right or 
left handed. 
Threads are some- 
times produced 
with a single cutter 
on a lathe. They may also be cut with tools called taps, for internal 
threads, and dies, for external threads. 

The hand taps, in the three styles generally made for sets of taps 
and dies, are shown in figure 12. Their names very clearly describe 
their uses. It will be seen that the plug tap has a very slight taper 
with which to make entry more easily, whereas the bottoming tap 
must be uniform or the several bottom threads would not be doing 
their share of the work when a stud was fitted thereto. The plug 
‘or taper tap should always. be used to start a thread. The bottom- 
ing tap should be used only to finish the thread, as practically all of 
is well oiled, and a partial rotation is made until considerable re- 





Fig. 11.—Starting a drill hole. 
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to the end of their usefulness if abused. The taper tap will not pro- 
duce a complete thread unless passed entirely through the hole. 

Exceptional care must be exercised in the working of a hand tap 
if the success of the job depends on accuracy. A level or square 
should be used to assure the trueness of the cut. A great deal of 
pressure will not have to be exerted, as the threads, once started, will 
tend to draw the tool forward. 

‘The same rules apply to lubricants as with drills. 


DRILL HOLES FOR TAPS. 


The holes drilled, preparatory to tapping, must be smaller in size 
than the tap, and the following table will have to be consulted for 
the choice of drills for corresponding taps. 


Tap and drill sizes. 


FOR U. S. 8S. THREADS. 


Diameter Threads Size of || Diameter Threads Size of || Diameter Threads Size of 


of tap, i drill, of tape per inch. a of tap, in per inch. 








| snches, |Perimeb. | inch? inc inch. inches. ine 
1 20 fs s 13 uk 3 10 g 
ts 18 + 4 12 a4 % 9 & 
% 16 ts ts 12 3 a 9 ot 
ts 14 Fa g 11 EES 1 8 af 

i RMN ce shied etc, asa inate eo 
FOR S. A. E. THREADS. 
platelabalaLererg 
x % 3 

$ 24 3 8 18 25 1 14 29 
fe 20 3 ua 16 38 





j 


Sometimes it is advisable for manufacturing reasons to use more 
or less threads to the inch and of shapes different than the standard, 
in which case these are referred to as “ special” threads. : 


DIES. 


The “ dies” we will use are generally of the type shown in figure 
13. The teeth decrease with relation to an inside diameter from the 
entering side, so that the die may be easily started. If it is desired 
to continue the thread up to a bolt head or shoulder the die is re- 
versed after the first cutting. The type shown in figure 13 has a small 

adjustment to compensate for wear. This adjustment also may be 
utilized in asmall measure to vary the fit of the male to the female 
threads. 4 

When threads are cut with the die the die is not continually turned 
‘onto the metal being threaded. After getting the die started it 
the work is done by the first row of teeth, and they would soon come 
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sistance is felt; then a partial reverse motion is made to break off 
the cutting formed. The die is then again advanced by a further ro- 
tation until considerable resistance is again met, and this process re- 
peated until the thread is complete. 

- As with all preceding operations, carelessness can never be tol- 
erated. The thread must be started and kept straight and square 
until the die is ready to be backed off. 


THE HACK SAW. 


The hack saw is used for several purposes. The blades are made 
with teeth, ranging in size and number for different grades of work. 
In cutting sheet metal, copper tubing, etc., a fine toothed blade must 
be used so that the teeth will not bite too severely and be broken off, 
Blades vary in length from 6 to 18 inches, the larger sizes being used 
only for powerdriven saws. The shorter the blade used the less 
danger there is of breakage. Possibly 14 to 16 teeth to the inch 
(“ points” as spoken of by the manufacturer) are most commonly 
used. Hack saw frames may be had either in the solid back type or 
adjustable to varying sizes of blades. Both types will accommodate 
the blades to a position at right angles to that shown in figure 13, so 
that a deeper cut can be taken. | 

The best position to assume at work is as described for the file. 
As with the file only enough downward pressure should be exerted to 
cause the teeth to work. Never, when starting a cut, draw the blade 
backward, but with a slight cutting pressure on the blade start the 
tool in a forward direction. Take a stroke the full length of the 
blade. | 

Care must be taken to see that the hack saw is properly set in the 
frame. All hack saw frames have a little “ give” or spring, and if 
the saw is set in too loosely the blade is easily broken. On the other 
hand, it must not be tightened in the frame too much as an undue 
tension is placed on the blade. After placing a blade in a frame 
the blade should be sighted to see that there is no “wind” in it; 
otherwise it will be impossible to get the blade to track correctly. 


SOLDERING. 


Soldering is the term used to describe the process of uniting pieces 
of metal by means of another of lower melting point. This is 
done by raising the temperature of the solder and the parts to be 
joined to the necessary degrees of fusion of the solder. This usually 
is done by applying the solder with a hot soldering copper against 
the point where the joint is to be made until the solder fuses over the 
joint. The metals must be raised to the correct temperature for 
fusing or satisfactory work will not be accomplished. 





Se 








TYPES OF HAND TAPS. 
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FIG. 13.—ONE- TYPE OF DIE. 
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FIG. 14.—THE HACKSAW. 
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'. FLUXES. 


~ Jt is necessary to prevent oxidation (tarnish forming, due to heat) 
during the process of soldering. To this end, we employ muriatic 
acid which has been “ cut.” with zinc, the eultant flux being really 
zine chloride; resin, or one of the several kinds of prepared pastes 
which are on the market. The familiar electrician’s paste flux is 
efficient and has the advantage of being noncorrosive as well as con- 
venient to handle and apply. | | 

It is a very easy matter to“ ‘overheat ” solder; solder, like all 
metals, when heated to a high enough degree, changes in structure 
as well as chemical composition. The average -ncennane understands 
that when an iron bar is heated in a fire, and the iron withdrawn, a 
scale falls off the bar when it is hammered.: This scale is iron rust, 
or oxide of iron, formed: by the oxidation of the iron when it comes 
in contact with the fuel.. Now, the same oxidation takes place with 
-soldering metals, the soldering copper, and the parts to: be soldered, 
if they are overheated. The purpose of the flux is to dissolve the 
oxide as rapidly as it is formed or all that is formed. ‘An overuse 
of the flux is wasteful, and underuse will make it impossible to have 
a correctly soldered joint, as the oxides formed will not be fully dis- 
solved.. ‘The hotter the soldering copper, solder and ‘metal parts, 
are heated, the more rapidly the oxide forms, until finally it forms too 
rapidly to be fluxed off. Care must be exercised, therefore, not. to 
apply too much heat to solder, soldering copper, or the parts to be 
soldered. At the same time, enough heat must be apphed to properly 
flow the solder and not leave it rough.. Most fluxes are so com- 
pounded that. they have metal “cleaning” properties as ‘well -as 
. fluxing properties,.and should: so dissolve the-metal oxides that the 
resulting solution will. flow to-one side:of the soldered joint when 
it: is heated, thus leaving a ring of flux around the soldéred joint. 
Usually, these fluxes are soluble in water, and all traces-of'them can 
be removed by wetting with a damp cloth after the soldering process 
is complete. 

Almost all solder is a composition of lead and tin in varying quan- 
_ tities; that most commonly used is:called “half and half,” indicating 
that. it is composed of equal parts of lead and. tin.-- An increase in 
__the percentage of tin will: improve the flowing qualities of ‘the solder 
and improve its strength. 

The largest soldering copper applicable to the immediate job should 
be used as the smaller sizes will lose their heat too rapidly and neces- 
sitate frequent reheating with consequent loss of time to the work- 
man. It is of great importance to keep the point of the soldering 
copper clean at all times. Never allow the point to remain oxidized, 
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as copper oxide is a poor conductor of heat and will allow the solder- 
ing copper to give up its heat too slowly when it is present. The 
remedy is to clean the scale off by rubbing on a block of sal ammoniac 
or crushed resin, or the harsher method of filing. One thus cleaned, 
or one heated red hot will have to be retinned. This may be done 
with the block of sal ammoniac on which has been placed a small 


piece of solder, and the copper applied thereto with the rubbing 


- motion, until the point has been covered. Resin or soldering paste 
_ May also be used after the same fashion. The soldering copper will 


not remain in good condition if allowed to become overheated. 
When making repairs, the old parts to be soldered must be thor- 


_ oughly cleaned by means of scraping or filing in preparation for 


soldering. Exception should be made in the case of especially well- 
finished parts when it is desired to retain their finish. Under these 
circumstances, any cleaning agent which will restore the natural 


_ Metallic brightness of the part may be used. For larger jobs, the 


bar of solder is applied directly to the point at which it is to be 
used, and the hot copper held to it until properly fused and fluxed. 
For smaller jobs, it is more convenient to apply the solder to the 


hot copper instead of directly to the work. Unless the copper has 


_been properly tinned, the solder will not adhere to it. 


“Sweating” is the term used to describe the action of the solder 
flowing back into the joints, filling any small interspaces and adher- 
ing to the metals. 3 3 


BEARING SCRAPING. 


We will assume that a new set of babbitts are to be fitted to the 
crank case and main bearing caps. Blue the crank case where it has 
been machined to receive the babbitt. Lay the babbitt in the case 
and by pressure cause it to bear upon the case. The marking made 
by the blue will indicate the high spots, which should be carefully 
scraped until the bearing seats fairly in the case. This same pro- 
cedure should be taken in fitting the babbitts to the caps. When this 
has been accomplished, the fitting of the bearings to the shaft may be 
undertaken. 

It is supposed that we have tried the crank shaft and know that 
it is true within, say, 0.002 of an inch. Coat the main bearing jour- 
nals lightly with Prussian blue. Lay the crank shaft in its upper 
bearings, crank case upside down, and rotate the shaft several times. 
Remove the shaft and note the impression which has been made on 
the bearings by the blue. Study these markings carefully, for all 
now depends upon the judgment of the workman, and upon the man- 
ner in which he “reads” this impression will depend the dispatch 
with which he accomplishes the desired results. 
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The first consideration will be for alignment of the bearings with 
the shaft. It is unlikely that a reading will ever be duplicated, so 
that each impression presents a new problem. Having decided which 
portions of the bearings are holding the crank shait out of what 
should be a true center of rest, scrape away these points, meanwhile 
always thinking ahead of the finished bearing and how much the 
present scraping will work toward attaining that goal. In this work 
the experienced mechanic will be able to work much more quickly, 
because, through his better judgment, he will know that he can cut 
‘away portions which are not actually blued, but which the markings 
indicate will be blued upon the next trial. Scrape lightly as the cut 
approaches the sides, as the sides being diametrically opposite, 0.0005 
of an inch removed on each side will be equivalent to 0.001 of an 
inch on the bottom. The cuts should not be taken in a line parallel 
to the rotation of the shaft, but should be run diagonally, first in one 
direction, then in the other, in order to prevent grooves. This bear- 
ing will not take the load when the motor is running, so that it will 
not be necessary to fit them quite so accurately as the lower half, but - 
it must be certain that there are no high spots which would tend to 
bear upon the shaft when we have allowed for oil film clearance, 
otherwise the oil film would be broken down at these points and 
damage result either to the bearing or shaft. Remember, too, that 
scraping one bearing will affect in some degree the seating of the 
others. Do not neglect to provide for proper clearance between crank 
and cam shaft gears, or crank and vertical shaft gears. The amount 
will vary, depending upon the particular make of motor that is being 
worked upon. Make certain, too, that there will be the necessary 
clearance between the shaft and thrust bearing when the fitting is 
completed. It is not good practice to use shims, especially in a motor 
which has not been designed to receive them, and it is always advis- 
able, if the bearing is too low, to fit a new one. 

As it is the end bearings which determine these clearances, we 
adopt these as our standard of alignment. In other words, we will 
bring up or let down all other bearings to conform to alignment set 
by the end bearings. If there is the slightest doubt about the first 
reading, remove, when the design of the motor allows, all babbitts 
except the end ones, and bring these two into alignment with each 
other. The remaining bearings should then be fitted to the align- 
ment set by the first two. ‘The order in which this would be done in 
a five-bearing shaft would be, first, end bearings; second, center bear- 
ing; last, both second and fourth bearings. 

When the center bearings are removed, the crank is likely to sag 
and give a false impression. To minimize this, set the shaft in so 
that on a four or eight throw crank shaft the throws are horizontal. 
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In this position the shaft will have least “give.” Do not revolve the 
~ shaft, bat rock it through a half turn, lift’ the shaft out and replace 
it so that the other half of the journal will be resting on the bearing 

then rock it again within 180 degrees. 
It is well to caution here about some of the usual faults of bear ing- 
- scraping, among which are the following: Ee the’ babbitt is not se- 
cured to the case and cap; and its edges are not flush with the surface 

“upon which the cap bears, it will move when the motor is running, 
~ and will possibly destroy “the oiling system’ by choking the supply. 

The persistent movement of the babbitt may result in its crystalliza- 
tion and final failure: If the ends are permitted to extend above the 
surface, the result, will be a bending stress when the cap is tightened 
“home,” causing the clearance to be decreased at the sides. Care 
should be taken to see that previous eXcessive stress on the cap studs 
has not resulted in a slight raising of the aluminum around the place 
where the stud. enters into the case. This would prevent a proper 
seating of the caps. : 

After a satisfactory alignment and the bearing has been secured 
in the upper halves, check up the trueness of the faces of the caps 

‘by rubbing’ them over a surface plate which ‘has previously been 
~ slightly blued. If necessary, file them, or scrape them, to a true fit. 
’ Never’ use emery for this purpose, as some of the grains are likely to 
“embed themselves in the soft aluminum or babbitt and may cause 
injury to the finish of the crank shaft. 

After this has been done, determine the alignment of the bear- 
ing surface of ‘the cap with dial test indicator and surface plate SO 
that at the same time it is being fitted to the ‘crank shaft, correction 
~ may be made if necessary. ~ With the crank shaft removed, blue the 
~ faces of the caps and ‘cause them to spot on the upper half. If neces- 

“sary, scrape the aluminum’ case to a true seat for the caps. Blue the 
shaft again and replace it in the crank case. Screw down the bear’ ing 
cap nuts a trifle more tightly than can be done with the fingers. 
Revolve the assembly stand so that the crank shaft is resting on the 
bearing caps. Rock the shaft and from the reading this i impression 
gives make necessary corrections to align the bearings. If we were 
to take this impression with the motor in the position in which it 
was at the time we fitted the upper halves, there would be danger of 
distorting the crank shaft, if the caps were unduly tightened, and a 
‘false eedcine would result. Continue to take impressions and scrape 
until a per fect bearing is secured. After the alignment of the bear- 

ings has been effected it will not be necessary to repeat the operation 
‘of | turning the motor over. 

The oil film clearance must be allowed for. In some motors this 
is dene by placing shims of the necessary thickness between the 
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bearing caps; in others it is done by using a piece of shim stock of 
which the thickness has been determined by a micrometer and plac- 
ing this between the crank shaft and the upper babbitt. Scrapmg _ 
is continued until the shaft can be turned with some effort, after the _ 
cap nuts have been screwed home.. The thickness of the shim stock 
selected will, of course, depend upon the clearance necessary for the _ 
bearings in the specific, motor upon which we are working. The. 


shims should not be over one-half inch, wide and when placed, should 


run parallel to the length of the shaft. In all progressive readings 
of the crank-shaft bearings (and this will apply to connecting-rod 
bearings as well), never draw the nuts up tighter than can be done 
with the fingers. Excessive pressure will have the effect of pinching 
the caps at the studs unless they are wholly fitted. 


FITTING CONNECTING-ROD BEARINGS. 


The following procedure is to be adopted in fitting Curtiss con- 
necting-rod bearings and may be varied when necessary to accommo- 
date other motors. 

With a surface plate, determine whether there is any rock to the 
upper half, as in figure 15. If necessary file down the high spots 
until the surface is true. 

With the piston removed and the wrist pin replaced, determine by 
means of the dial test indicator whether the piston pin is parallel to 
the surface plate. If it is not, make necessary correction by filing 
the rod at the bearing end where it is indicated as being high. 

Using the dial test indicator, note whether the babbitt of the con- 
necting-rod upper half is parallel to the surface plate. If one side 
is indicated as being high, scrape only sufficient babbitt at that point 
to cause the dial reading to correspond with the first end. By means 
of a straight edge which has been blued, the center high spot will 
be indicated. 

Grasping the connecting rod, cause the upper bearing to press on 
its proper crank-shaft journal, which has been slightly blued. Do not 
exert more pressure than is necessary to cause the high spots to show 
up. From this reading scrape to about a 50 per cent bearing. Lay 
the upper half aside for the present. 

By the same methods bring the lower half to a 50 per cent bearing. 
Now, for the first time, bolt both halves together, being careful that 
the bolts fit freely, without tendency to pinch the bearing at the 
sides. The oil will have lost considerable of its initial pressure by 
the time it has fed the cam shaft, main bearings, and timing gears, 
consequently it is desirable to allow slightly less clearance in the 
connecting-rod bearings. Probably the best way to judge this clear- 
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ance 1s by using a piece of paper instead of shim stock, first, by 
using the micrometer, determining that it is not over 0.002 of an inch 
thick. The paper will compress to some extent and when the rod can 
be turned over without much effort after the bolts have been tight- 
ened, the paper should measure a scant 0.002 of an inch. When 
this method is used, the paper should be placed on one trial over 
toe crank shaft, the next time under the shaft, so that both cap 
and upper bearing will be uniformly fitted. : 


O 




















FIG. 15.—-FITTING CONNECTING-ROD BEARINGS. 
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